Background {#Sec1}
==========

Fractures of the proximal humerus are common injuries with a vast majority in the older population. 5% of those fractures occur in the proximal third, underlining the enormous importance of a sophisticated approach to this type of injury \[[@CR3], [@CR24]\]. Whereas older patients sustain proximal humerus fractures from minor trauma like a falls from a standing height \[[@CR10]\], younger patients regularly sustain these injuries following high impact trauma. Due to demographic changes, the incidence is increasing and with the increasing demands of the elderly, a return to daily life activities and especially sporting activities becomes more important \[[@CR10]\]. The terminology of fracture classification for this study has been standardized due to the work of Neer (Fig. [1](#Fig1){ref-type="fig"}) \[[@CR23]\]. Nevertheless, there is a wide range of observer inconsistency concerning the correct fracture type, even when the fracture classification was examined by different experts \[[@CR22]\]. For all non-displaced humeral head fractures, the conservative treatment can be seen as gold standard \[[@CR18], [@CR31]\]. In contrast, the indications for a surgical interventions are based on the facts such as instability, dislocation or angulations of the fragments compromising the osseous blood supply which in turn postpones the normal healing process up to the development of osteonecrosis \[[@CR3], [@CR29]\]. In addition, a displacement of the greater tubercle causing a secondary impingement, is widely accepted as an indication for operative treatment. Many surgical implants have shown their unique potential, such as minimally invasive application procedures. And different nailing or plating systems have unique effects on the on the anatomical reconstruction \[[@CR12], [@CR15], [@CR29], [@CR30]\]. However, the number of publications describing various techniques underlines that an anatomical reduction might be more important than a specific implant \[[@CR26]\]. A various number of studies focuses on the outcome after surgically treated humeral head fractures, analyzing different approaches (delta-split vs. deltoideo-pectoral) \[[@CR1], [@CR6]\] and variable implants (minimally invasive, plates, nails, prostheses) \[[@CR7], [@CR13], [@CR17], [@CR18]\]. But nevertheless, not much data concerning the loss of function after humeral head fractures in regard to sporting activities has been generated. Therefore, the aim of this study was to determine the sporting ability of patients who underwent an operative treatment of humeral head fractures using an angular stable implant. In particular, we focused on the participation in different types of sport, their frequency, their duration and intensity. We hypothesized that despite good clinical results, the number and frequency of sports activities would decline and that an avoidance of overhead activities would be noticed.Fig. 1Inclusion/exclusion criteria and biometric data

Methods {#Sec2}
=======

Patients {#Sec3}
--------

Between January 2007 and 2010, 120 patients were treated in our hospital because of humeral head fractures. In 13 cases the time between surgery and the evaluation was smaller than 24 months, 10 patients were not traceable for evaluation, 5 patients refused their participation, 6 patients had the fracture due to a neoplastic bone destruction and 3 patients were treated with re- osteosynthesis after therapy failure. At the end 83 patients who underwent surgical treatment for a fracture of the proximal humerus were contacted and 65 patients completed all questionnaires (Fig. [1](#Fig1){ref-type="fig"}). Every fracture was characterized by two consultant observers who regularly perform this kind of surgery. The classification was performed according to the Neer Classification (an radiologic approach composed on the basis of four osseous fragments and their regional dislocation (Fragment 1- the lesser tuberosity, 2- the greater tuberosity, 3- the articular surface, and 4- the humeral shaft) \[[@CR23]\] (Fig. [2](#Fig2){ref-type="fig"}). We excluded patients with conservative treated humeral head fractures (non-displaced fractures) and patients with multiple trauma or concomitant injuries. Furthermore, we excluded patients with attendant injuries in the same extremity, residence outside the country, psychiatric disorders or severe co-morbidities, age over 76 years on the day of surgery, or revision surgery with re-osteosynthesis after initial treatment failure and pathological fractures (Fig. [1](#Fig1){ref-type="fig"}). As previously described by Salzmann et al. \[[@CR25]\], the survey included a sport and activity questionnaire for the assessment at the time of injury and at the time of the survey in 32 different sports and recreational activities. The questionnaire also inquired the patient's overall satisfaction with the surgery (very satisfied = 1, satisfied = 2, partially satisfied = 3, not satisfied = 4) and about the use of any pain medication during sporting activity (regularly, occasionally, never). A visual analog scale (VAS) for pain (0 representing "no pain" and 10 representing "maximal imaginable pain") were used to access the clinical outcome. In addition the functional results were evaluated using the Munich Shoulder Questionnaire (MSQ) as described before by Schmidutz et al. \[[@CR27]\]. The Shoulder Pain and Disability Index (SPADI), the Constant-Murley Score (CMS), and the Disabilities of the Arm, Shoulder and Hand Score (DASH) were also ascertained by means of the MSQ. We received approval from our university's Ethics Committee No. 2993/10.Fig. 2Fracture and gender distribution. Fracture classification according to Neer. The loss of function and disability correlates with the number of fragments and complexity of the fracture. \*Neer Charles S. II Displaced Proximal Humeral Fractures Part I. Classification and Evaluation J Bone Joint Surg Am, 1970 Sep 01;52 (6):1077--1089

Surgical technique {#Sec4}
------------------

All operations were performed by experienced upper extremity surgeons. The surgical approach used was either the deltoid- pectoral or the delta-split approach depending on the surgeon's preference. In all patients the minor and the major tubercle were additionally tied up to the plate using Fiberwire cerclages (Fiber wire, Arthrex, Naples, Florida, USA). For post-operative comfort all patients received a sling and the range of motion was limited to 90° of abduction and anteversion for the first 6 weeks. After an X-ray examination 6 weeks post-surgery, unrestricted range of motion was allowed for daily activities. Overhead sporting activities were allowed 3 months after surgery.

Sports questionnaire {#Sec5}
--------------------

All patients were asked about their sporting activity and any existing restrictions. We differentiated whether the restrictions are related to prior trauma or treatment-related. In addition, the query investigated if the patients had to give up, modify or change their particular sporting activities due to the fracture. The second section of the questionnaire included a list of different sporting activities and was used to evaluate the level before and after surgery, the frequency, the intensity and the duration of the sessions per week. The final section of the questionnaire particularly asked for overhead-activity related sport activities. We asked for golf and tennis since these activities put high strains on the upper limb and we wanted a more precise conclusion about this activities (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Y- Axis shows the distribution of Sporting participants before and after the surgical intervention, arranged according to the Neer Classification. Dark grey = before surgery, light grey = after surgery. X-Axis shows the different sporting disciplines. There was only increase by 1 participant concerning the Pilates work out in the group of the 3- Part Fractures

Functional scores {#Sec6}
-----------------

For the evaluation of shoulder function the Munich Shoulder Questionnaire -- a validated self-evaluation score \[[@CR27]\] -was used. All questionnaires were evaluated directly after their return. All patients were contacted again by phone to clarify any open questions or insufficient markings (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}). In detail, the Munich Shoulder Questionnaire (MSQ) as described before by Schmidutz et al.\[[@CR27]\] allows the calculation of SPADI \[[@CR5]\], the CMS, and the DASH score \[[@CR2], [@CR4]\]. The SPADI \[[@CR4]\] measures the current shoulder pain and disability in an outpatient setting. The CMS \[[@CR8]\] measures the different levels of pain and the ability to carry out normal daily activities. The DASH Score \[[@CR28]\] is a self-administered outcome instrument developed to measure self-rated upper-extremity disability and symptoms.

Statistics {#Sec7}
----------

Statistical analysis was performed using the software package SPSS (Version 19, IBM Corp, Somers, New York). All data were tested for normal distribution. Afterwards, normally distributed data were compared using t-tests (MSQ, CS, DASH, SPADI). Non-normally distributed data were compared using Wilcoxon signed-rank and the Mann--Whitney U -tests (paired/unpaired), (Sporting Frequency and Duration). Group data were compared using one-way analysis of variance. Unless otherwise stated, descriptive results were demonstrated as mean standard deviation (STDEV). The level of significance was set at *p* \< .05; all confidence intervals are calculated for a 95% confidence level.

Results {#Sec8}
=======

With a recall rate of 78% patients were treated operatively due to fractures of the proximal humerus in our level I trauma center. The average post-operative follow-up was 3.8 years (The mean age at the time of surgery was 52.62 (range: 20--70 years) years with a standard deviation of 12.56 years. The study cohort consisted of 36 females and 29 males; 25 patients had a fracture on the right arm, 40 on the left arm, 59 patients stated their right arm to be their dominant, 6 patients their left arm. According to the Neer classification 23, 2-part fractures (35%; 12f/11 m), 31 3-part fractures (48%; 18f/13 m) and 11 4-part fractures (17%; 6f/5 m) were enrolled (Fig. [2](#Fig2){ref-type="fig"}).

Operative treatment {#Sec9}
-------------------

From the patients included in the study six patients received the Humeral Suture Plate (Arthrex, Corp. Naples, USA), 59 patients received the Synthes Philos Plate (Synthes, Umkirch, Germany). In 15 (23%) cases the deltoid- pectoral approach was used, in 50 (77%) patients the delta split approach was used. At our follow-up, we did not establish any statistically relevant differences between the used approaches.

Pre-surgical and post-surgical Sporting Frequency and Duration {#Sec10}
--------------------------------------------------------------

Throughout the year before the injury all patients were engaged in 26 different sporting disciplines and 23 after surgery. All patients rated themselves as recreational or competitive sportsmen or sportswomen. There was no professional athlete in our study cohort. The participation events or frequency in sports, decreased dependent on the fracture configuration, 2-part (*N* = 21) 3.29 (STDEV 2.26) to 2.57 (STEV 1.86) *p* = 0.07; 3- part (*N* = 29) 2.72 (STDEV 1.71) to 2.66 (STDEV 1.99) *p* = 0.47 and 4-part Fractures (*N* = 11) from 3.36 (STEV 1.69) to 2.82 (STEV 1.94), *p* = 0.18. No significance was found (Sig. *p* = .05). The duration per week (hours/week) changed likewise dependent on the fracture type (*p* = .05). 2-part (*N* = 20) 4.35 (STDEV 2.99) to 3.7 (STDEV 3.01), *p* = 0.17; 3-part (*N* = 28) 4 (STDEV 2.99) to 3.79 (STDEV 3.07), *p* = 0.61; 4- part (*N* = 11) 5.5 (STDEV 3.88) to 5.18 (STDEV 4.09), *p* = 0.17. No significance was found.

Subjective performance rating {#Sec11}
-----------------------------

To complete the evaluation, we also questioned the patients about their own subjective performance rating. 22 characterized their individual sporting performance to be decreased as represented by lower MSQ, SPADI, DASH and Constant scores. 37 patients pointed out that there was no change in their sporting ability after the trauma and treatment, one patient refused this part of the questionnaire (Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}).Table 1Sporting disciplines before and after surgical treatment dependent on the fracture configurationSporting DisciplinesOverall2 Part3 Part4 PartbeforeafterbeforeafterbeforeafterbeforeafterGymnastic13122181031Pilates221111Dancing159964221Fitness1715559733Cycling464014132219108Running1211434543Nordic Walking66123321Mountain Trecking38381213191877Climbing52311110Tennis73203221Table Tennis33111111Soccer3131Cross Country Ski149229631Ski29199614964Water Gymnastic55221122Crawling19135511731Breast Stroke Swimming39311412171386Back Stroke Swimming20136510642Badminton312011Martial Arts1010Volleyball211110Inline-Skating32111011Golf1010Scoring Evaluation according to the Neer Classification. The loss of function and disability correlates with the number of fragments and complexity of fracture configuration Table 2Changes in the subjective performance ability, represented in the questionnaires scoring evaluation according to the Neer ClassificationSubjective decreased performance *N* = 22MEANSTDEVMedianMinimumMaximumSTDEV of the MeanVarianzMSQ75,9114,138046953,01199,61SPADI (inv.)78,1418,7485361004351,36DASH19,5515,0314,50463,2225,97Constant66,3215,256935853,25232,61Subjective unaltered performance *N* = 33MSQ92,854,1394801000,7217,07SPADI (inv.)97,74,53100791000,7920,53DASH2,213,4700110,612,05Constant82,556,8383661001,1946,63The loss of function and disability correlates with the number of fragments and complexity of fracture configuration

Discussion {#Sec12}
==========

Fractures of the proximal humerus are demanding and for displaced fractures, the surgical intervention seems to be the appropriate way of treatment \[[@CR11], [@CR14], [@CR16], [@CR19]\], although conservative treatment has experienced a renaissance over the last years, especially in non-dislocated fractures \[[@CR9], [@CR16], [@CR20], [@CR21], [@CR32]\]. Nevertheless, in fractures with dislocation of the fragments, the locking plate is a widely accepted way of treatment. A variety of studies focusing on the clinical outcome after surgically treated humeral head fractures exists, but there is no reliable data on the return to sports. However, due to demographic changes, the number of proximal humerus fractures is increasing and so are the patient's demands after surgery. In today's society, people are increasingly participating in all kinds of sports into a higher age. To our knowledge, this is the first study to examine the return to sports after surgically treated humeral head fractures. Our results support the hypothesis that these kinds of fractures have a temporary impact on the sporting activity and that these injuries lead to an avoiding of overhead sports. Over all 65 patients declared sporting activities before trauma in 26 disciplines. After trauma there were still 23 disciplines left, 88% of the patients indicated to have resumed sports after the end of therapy (Table [1](#Tab1){ref-type="table"}). This shows that with respect to level, frequency, and duration of the sessions, the sports activities after surgically treated humeral head fractures are close to the pre-injury level.

However, the score outcome in the MSQ as well as the calculated results (CMS, DASH, SPADI) were highly dependent on the type of fracture (Table [3](#Tab3){ref-type="table"}) and the shoulder function was reduced tributary to the number of fragments according to the Neer Classification. 2- part fractures had the smallest functional reduction with 87.78 points in the MSQ, the lowest score of the SPADI (8.3), DASH (8.17) and CMS 78.5. The 3- part Fractures showed a MSQ of 87 points and a corresponding slight elevation within the DASH score of 8.5 points. A slight elevation was also found in the SPADI 9.5 and in the CMS 76 points, respectively. The highest functional loss was found in the group of the most complex fracture configuration, the 4-part fractures with an MSQ of 76 points, a DASH of 19.2 and a SPADI of 22 points. The CMS resulted in 65 points. On detailed evaluation we could find that high impact-associated disciplines such as martial arts, waterskiing and golf were abundant. Dependent on the fracture configuration every type lost a fraction in the scores. In the group of the 2- part fractures 21 disciplines were found pre and 19 disciplines post trauma. Tennis and Sailing had been abundant. Looking at the 3 - part fractures 21 of 25 disciplines were left. The group of the 4- part fractures were affected the most from 21 disciplines only 18 remained. Observing the different fracture types in respect to the questioned sporting disciplines the combat associated and shoulder centered disciplines like tennis and golf counted the strongest reduction. Tennis was one of the shoulder centered discipline which showed the greatest amount of reduction, pre Trauma 7 Patients worked out in this field and after surgery 3 (57%) active patients were left. Crawl swimming was trained by 19 Patients before trauma and only 13 patients after surgical treatment (− 32%). Breast stroke swimming was performed by 39 Patients with a reduction of 21% after intervention so 31 patients were left (Fig. [3](#Fig3){ref-type="fig"}). The patients in our study reached comparable results to the literature concerning the CMS, the SPADI and the DASH score. In addition, the epidemiologic data were also similar like in recent other studies. Though the mean age with 52.6 years was younger due to the exclusion criteria of the age over 75 years as we wanted to evaluate the shoulder function during sporting activity. Nevertheless, the subjective changes were evaluated and showed that 22 Patients stated a reduction in their sporting ability, while 33 persisted on unaltered abilities (Table [2](#Tab2){ref-type="table"}).Table 3Scoring Evaluation dependent on the Fracture configuration after surgical intervention following the Neer ClassificationMSQMEANRangeStd DevSPADIMEANRangeStd Dev85,2237--10013,6588,836--10016,472-Part (n23)87,7853--10010,222-Part (n23)91,755--10011,913-Part (n31)86,7157--9711,613-Part (n31)90,5253--10014,124-Part (n11)75,6437--9620,874-Part (n11)77,9136--10025,83ConstantDASH75,4335--10013,6610,220--6914,752-Part (n23)78,4848--10010,422-Part (n23)8,170--4510,443-Part (n31)76,0642--9312,453-Part (n31)8,550--4313,374-Part (n11)64,6435--8717,644-Part (n11)19,180--6922,58The loss of function and disability correlates with the number of fragments and complexity of fracture configuration. Changes in the Scores can be seen according to the number of fragments following the Neer Classification. (*N* = 65)

One weakness of the study is the absence of a detailed radiographic survey, so that we are not able to report about the development of posttraumatic osteoarthritis and the effects on sports activity. A second limitation of the study is the retrospective design. Patients were asked for sports activities and clinical information that, in some cases, dated back several years' witch might influence the quality of statements. Also, in total 18 of 80 patients (19%) were lost during the follow-up and 5 patents refused the participation in the study. This might affect the results and produces a possible selection bias. In addition, our study focuses on the outcome after surgically treated patients. It would be desirable to have data on the return to sports after conservatively treated humeral head fractures and a healthy aging population to give athletic patients the best possible advice for their future sports career.

However, we present the results of 65 patients and their return to sports at a minimum follow-up of 24 months postoperatively. Sports activity and shoulder function were assessed by the use of specially designed questionnaires and well established shoulder scores. To our knowledge, this study is the largest series to date with the longest follow-up evaluation of the return to sports after plate fixation of displace humeral head fractures.

Conclusion {#Sec13}
==========

The current study shows that surgically treated proximal humerus fractures seems to be without a significant differences concerning the frequency and intensity of sporting activity. The treatment enables the patients to return to sports, which correlates with the scores used. However, we noticed an avoidance of overhead activities and a change into sporting disciplines upon hip levels. Regarding competition levels, no patient longer participating in sporting competitions after the surgical intervention.

CMS

:   Constant Murley Score

DASH

:   Disabilities of the Arm, Shoulder and Hand Questionnaire

MSQ

:   Munich Shoulder Score

SPADI

:   Shoulder Pain and Disability Index

STEV

:   Standard deviation

VAS

:   Visual Analog Scale
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